I. INTRODUCTION
The f 1 (1420) resonance is catalogued in the Particle data book [1] as an I G (J P C ) = 0 + (1 ++ ) state and has been observed in over 20 experiments. Its mass is M = 1426.4 ± 0.9 MeV and its width Γ = 54.9 ± 2.6 MeV. Its dominant decay mode is KK * . In Ref. [2] 100% of the width is associated to the KK * + c.c. mode. In Ref. [3] other modes are also searched for, with negative results, concluding again that the KK * + c.c. channel exhausts the decay width. In Ref. [4] the authors also conclude that the f 1 (1420) decays into KK * + c.c. 100%. In Ref. [5] the decay mode πa 0 (980) is reported with Γ(πa 0 (980))/Γ(KK * + c.c.) = 0.04 ± 0.01 ± 0.01. In this latter paper a clean peak is seen for the f 1 (1285) in the πa 0 (980) mode, followed by a broader structure around 1400 MeV with much smaller strength, that is tentatively associated to the f 1 (1420), with the comment "The shoulder at 1.4 GeV can be interpreted as an a 0 (980)π decay mode of the f 1 (1420)" with no devoted work to support this assertion. A discussion on mesons in the 1400 MeV region can be seen in the PDG review [6] .
In the present work we shall provide a different explanation of the experimental findings, showing that the K * K peak associated to the f 1 (1420) is the manifestation of the KK * + c.c. decay mode of the f 1 (1285). On the other hand, the broad peak for πa 0 (980) decay in the region of 1400 MeV will be explained as a consequence of a triangle singularity, due to f 1 (1285) → K * K , K * → πK, KK → a 0 (980). The K * K decay mode of the f 1 (1285) appears as "not seen" in the PDG [1] . Indeed the f 1 (1285) is 100 MeV below the K * K threshold. However, the KKπ mode is reported with a branching fraction of 9%. These features found an adequate answer in several works [7, 8] , where the f 1 (1285) was considered as a dynamically generated resonance. This state, together with all the low-lying axial vector resonances, were obtained in Refs. [9, 10] as dynamically generated states from the interaction of pseudoscalar mesons with vector mesons, using a coupled channels unitary scheme with chiral dynamics for the meson interaction [11] . In the particular case of the f 1 (1285), the KK * + c.c. is the single channel in the coupled channel approach [10] . The work in Refs. [9, 10] , using the lowest order chiral Lagrangian, has been extended in Ref. [12] including higher order terms, but in the case of the f 1 (1285) the higher order terms were found essentially negligible.
In this picture for the f 1 (1285), a good description of πa 0 (980) and the isospin forbidden πf 0 (980) decay modes were well reproduced [7] . Actually the πf 0 (980) decay mode was first predicted in Ref. [7] and corroborated later experimentally by a BESIII experiment [13] . Similarly, in Ref. [8] the KKπ decay mode was studied and also found consistent with experiment [5, 14] . In the present work, we shall see that, as a consequence of the K * K nature of the f 1 (1285), if we excite that state and go to higher energies where the K * K can be produced, the tail of the f 1 (1285) propagator, together with the phase space for K * K production, produce a peak around 1420 MeV with a width of about 60 MeV, that explains the experimental features observed for the f 1 (1420) resonance.
On the other hand, the triangle diagram with K * K K intermediate states, with π and f 0 (980) or a 0 (980) external products, develops a singularity at 1420 MeV, which is seen as a peak for πf 0 (980) or πa 0 (980) production. This was already suggested in Ref. [15] and shown explicitly in Refs. [16, 17] , and provided a natural explanation of the COMPASS observation [18] of a peak in the πf 0 (980) mode around 1420 MeV, which was interpreted as a new resonance, the "a 1 (1420)" in Ref. [18] . In Refs. [16, 17] the peak was interpreted as a consequence of a triangle singularity associated to the decay mode of the a 1 (1260) into K * K , followed by K * → Kπ and fusion of the KK to give the f 0 (980). The mechanism to produce the πa 0 (980) from the decay of the f 1 (1285) is identical to the one used in Ref. [17] to produce the πf 0 (980) from the decay of the a 1 (1260). Only the isospin combinations are different, but the singularity is tied to the masses of the particles and is independent of the internal degrees of freedom like the isospin. We shall see that, also in this case, a peak is produced around 1420 MeV in the πa 0 (980) decay mode of the f 1 (1285) which explains the features of the experiment of Ref. [5] . The conclusion of all these observations is that the f 1 (1420) is not a genuine resonance, but the manifestation of the K * K and πa 0 (980) decay modes of the f 1 (1285) resonance. This would go in line with the conclusions of Refs. [16, 17] that the "a 1 (1420)" is not a genuine resonance, but the manifestation of the πf 0 (980) decay mode of the a 1 (1260) resonance.
II. FORMALISM
The resonance f 1 (1420) is observed in very high energy collisions, which we depict in Fig. 1 , and the resonance is observed in the invariant mass of particles 2 and 3. In the Mandl and Shaw normalization of fermion fields [19] we have for this process with three particles in the final state
where m F refers to the masses of the fermions, and the sum and average of |T | 2 is done over the polarizations of all particles involved. In Eq. (1) p 2 is the momentum of particle 2 in the rest frame of the 2 + 3 system,
and M 23 is the invariant mass of the 2 + 3 system. Fixing the Mandelstam variables s and t, s
2 , the T matrix in Eq.
(1) will be of the type (M inv ≡ M 23 ):
where we have put a coupling g R, 23 for the resonance R to the 2 + 3 system. The width for the resonance going to 2 + 3 is given in this case by
which allows one to write Eq. (1) as
This equation is also good when we sum and average over polarizations of the particles in a more general case of |T | 2 . The sum over polarizations of 2 and 3 will go into Γ R,23 and the sum and average over polarizations of the other particles can be absorbed in the constant C (for fixed s and t). Eq. (5) can also be used for any decay channel of the resonance, substituting Γ R,23 by Γ i of the particular decay channel. Since Γ i = Γ R , the total width of the resonance, the sum of Eq. (5) over all decay channels, can be cast in terms of Im [ 
, which is a variant of the optical theorem.
Let us look at the process depicted in Fig. 1 with 2, 3 being K * K . We shall investigate what happens when the resonance R is the f 1 (1285). We can use directly Eq. (5) replacing the coupling g R, 23 in Eq. (4) by the
and summing and averaging over polarizations, and we use g f1,K * K = 7555 MeV, from Ref. [10] , ignoring for the moment the isospin and C-parity structure. The Γ f1,K * K width is then given by
The K * K production will begin at a threshold of 1383 MeV, 100 MeV above the nominal mass of the f 1 (1285). The results of Eq. (5) are depicted in Fig. 2 , where in addition we plot also the result using in the numerator the nominal width of the f 1 (1285), Γ f1 = 24.1 MeV, which will account for the decays of the f 1 (1285) into other channels. In the denominator of Eq. (5) we use
We observe in Fig. 2 the typical threshold production of a channel. However, since the production is driven by the excitation of the f 1 (1285), one has two factors competing, a decreasing strength of the resonance as the energy increases, and an increasing phase space for the K * K production, and the product of these two factors confers the cross section a particular shape. Yet, we want to be more accurate here by taking into account that the K * will decay into Kπ and the experimentalist will observe KπK at the end. This will also allow us to go below the threshold of K * K production. To account for the decay, we look into the diagram of Fig. 3 .
The decay width of the f 1 (1285) for Fig. 3 is given by
where m inv stands for the Kπ invariant mass, and
where pK is theK momentum in the f 1 (1285) rest frame and p π the π momentum in the Kπ rest frame, and t ′ contains now the K * propagator, the f 1 (1285) → K * K and K * → Kπ couplings. There is no need to evaluate t ′ explicitly since we can use the same step that led us from Eq. (1) to Eq. (5) and we can write
where
where Γ K * | on = 49.1 MeV is the nominal width for the K * , and p π , p π | on the pion momenta in the K * rest frame with K * mass m inv or m K * respectively,
In Eq. (12) we have taken into account that the K * → Kπ proceeds in P -wave.
In Fig. 4 we plot the results for Eq. (5) with Γ R,23 replaced by Eqs. (9) and (11), and also when Γ R,23 is replaced by Γ f1 . Fig. 4 is very intuitive, we see a double peak structure. The first peak accounts for the standard f 1 (1285) decay into KπK observed with the shape of the f 1 (1285). The ratio of strengths at the peak of the dashed and solid lines provides the branching ratio of the f 1 (1285) into KπK channel. As we see, it is of the order of 8%, the same value obtained in Ref. [8] with a more elaborate model that we shall discuss below, and in agreement with experiment [1] .
Yet, what concerns us here is that the same mechanism produces a second peak around 1420 MeV as a consequence of the influence of the tail of the f 1 (1285) resonance and the increasing phase space for K * K production. In Fig. 5 we can see in more detail the two peaks corresponding to KπK production. By assuming a smooth background below the second peak, as an experimental analysis would do, we induce that there is a resonant-like structure peaking around 1420 MeV with a width of about 60 MeV, the features observed in experiment when talking about the f 1 (1420) resonance. Yet, we did not have to invoke a new resonance for this structure, which appears naturally and unavoidably from the decay of f 1 (1285) into K * K → KπK. This also explains why the f 1 (1420) resonance is seen in the K * K (or KπK) channel alone. In the next section we address the production of the πa 0 (980) channel. FIG This problem was also addressed in Ref. [7] but at the peak of the f 1 (1285). Now we extend it to higher energies according to Eq. (5), but replacing the width Γ R,23 by Γ f1(1285),πa0(980) . Following Ref. [7] and sticking to the simplified K * K decay of the former section, we have to look at the diagram of Fig. 6 , where we consider the a 0 (980) decay into the π 0 η channel.
The amplitude for the diagram of Fig. 6 for the f 1 (1285) at rest ( P = 0) is given by
with m inv the π 0 η invariant mass, and where t T stands for the triangle loop integral with three propagators,
and t KK→π 0 η is evaluated using the chiral unitary approach of Ref. [20] , with the input used in the study of weak decays of B and D mesons in Refs. [21, 22] . The integral of q 0 in Eq. (15) can be done analytically and it is done in Ref. [7] with the result
and
with
* width is considered as in Eq. (15)).
Triangle diagram leading to the production of πa0(980), the latter is observed in π 0 η. In brackets the momenta of the particles.
The width Γ f1(1285),ππ 0 η is given by
with dΓ f1,ππ 0 η /dm inv obtained using Eq. (10) with m inv →m inv (of π 0 η), pK → p π ,p π →p η and
(19) The value of g K * ,Kπ is taken such that
gives the width of the K * , Γ K * = 49.1 MeV (g K * ,Kπ = 5.5 MeV).
We should note a small modification in the integral with respect to Ref. [7] . In this latter work a cutoff θ(q max − q) originated in the chiral unitary approach in the study of the KK → πη amplitude was implemented, with q max = 600 MeV [21, 22] . Since in those works the cutoff is implemented in the center of mass (CM) frame, we make a boost of q to the rest frame of the πη system and implement the cutoff θ(q max − q CM ). We show the results obtained in Fig. 7 .
As we can see in Fig. 7 , there is a large strength in the cross section built around 1400 MeV induced by the f 1 (1285) excitation, which makes it very distinct from the usual shape of the Breit-Wigner distribution for the f 1 (1285). It is interesting to see that this cross section is remarkably similar to the one found in Ref. [5] (we shall come back to it in the next section to do a comparison with the data). In Ref. [5] no explanation was found for this extra strength and it was suggested that it should be the πa 0 (980) decay mode of the f 1 (1420). What we see here is that the peculiar shape of the cross section for this particular channel is a consequence of the triangle diagram of Fig. 6 , the mechanism for πa 0 (980) production from a resonance (the f 1 (1285)) that is a bound state of K * K , or that couples strongly to K * K for the purpose (the f 1 (1285)). The unexpected large strength around 1400 MeV comes from a singularity in the triangle diagram as we discuss in the next section. 5) with ΓR = Γ f 1 (1285) = 24.1 MeV, ΓR,23 a constant and normalizing the curves to the peak of the f1(1285) (this reflects the shape of the modulus square of the f1(1285) propagator). The dotted curve is what we would expect for πa0(980) → ππ 0 η production from f1(1420) excitation assuming that the production rate of the f1(1285) and f1(1420) are the same.
From that we can conclude that the strength found in this channel around 1400 MeV is not tied to the f 1 (1420) resonance but to the f 1 (1285).
There is one more argument that we can bring in favour of the former interpretation. Indeed, let us assume that the f 1 (1420) is a genuine resonance. If it decays into K * K and this channel exhausts the width as found experimentally, we can get the coupling g f1(1420),K * K by means of Eq. (4) and we find g f1(1420),K * K = 4256 MeV .
With this coupling we can reevaluate the triangle diagram of Fig.  6 , simply replacing the coupling g f1(1285),K * K with the new one. Then we would use Eq. (5) to get the cross section for f 1 (1420) → πa 0 (980), replacing the f 1 (1285) propagator by the one of the f 1 (1420). The other change might be the constant C, but this constant, appearing in the a + b → 1 + R vertex (see Fig. 1 ) is related to the resonance production (irrespective of the decay channels). Since one is dealing with high energies of the order of hundreds of GeV in these reactions, and the masses of the f 1 (1285) and f 1 (1420) are similar, on statistical grounds we should expect similar production rates for both resonances, and hence C should be similar in the two cases. Assuming C is the same for both resonances, what we see in Fig.  7 is a shape for f 1 (1420) → πa 0 (980) production very different from the one coming from the f 1 (1285) decay, which reflects a f 1 (1420) Breit-Wigner structure, and most importantly, with a very large strength, which is not seen in any experiment. Even this signal reduced by a factor five should be clearly seen experimentally, and on statistical grounds it is not easy to justify that the production of the f 1 (1420) should be reduced by a factor five with respect to that of the f 1 (1285).
There is yet another factor to note. When performing the previous calculation that involves the f 1 (1420) propagator we had to calculate the width of the f 1 (1420) into πa 0 (980). We find that (see next section for a more detailed evaluation)
This is a fraction that could not be missed and has not been found in any experiment where this decay mode has been searched for. Only in Ref.
[5] a 5% ratio was invoked by guessing that the shoulder seen in that decay mode around 1400 MeV was due to this resonance, but we have given a different interpretation for this feature.
It is interesting to recall here that the triangle singularity of Fig. 6 also shows up in the decay of the η(1405) → πa 0 (980) which was studied in Refs. [23, 24] , together with the isospin violating η(1405) → πf 0 (980) decay. This latter decay was abnormally enhanced due to the triangle singularity. In a follow up of Ref. [23] in Ref. [25] the idea is retaken and applied to study the decay of J/ψ → γη(1405)(η(1475)) with η(1405) → KKπ, ηππ and 3π. In this work the possible contribution of the f 1 (1420) in addition to the η(1405) was discussed. The f 1 (1420) was assumed to be a regular resonance and the triangle singularity enhanced some decay modes, in spite of which its contribution relative to that of the η(1405) was found small in the radiative J/ψ decay. Although we find that the f 1 (1420) is not a genuine resonance, we have seen that there is indeed strength in the KπK and πa 0 (980) channels in the 1420 MeV region from the decay of the f 1 (1285). A reanalysis of the BESIII experimental data [26] from this new perspective would be most interesting.
V. THE SINGULARITY OF THE TRIANGLE DIAGRAM
The shoulder for the f 1 (1285) decay to ππ 0 η around 1400 MeV has its origin in the singularity that the triangle diagram of Fig. 6 develops at 1420 MeV. Triangular singularities were studied by Landau in Ref. [27] and stem from triangle diagrams when the intermediate particles are all placed on-shell and the momenta are parallel (− q and k of Fig. 6 go in the same direction). There is also a further constraint which is that the mechanism can lead to a classical process with R → K * K ; K * → Kπ; KK → a 0 (980), which is stated by the Coleman-Norton theorem [28] . A pedagogical and practically easy way to visualize it, and see where the triangular singularity appears, is shown in Ref. [29] (see Eq. (18) of that paper).
In the present case we can see the origin of the singularities by looking at the expression of Eq. (17) . The two factors in the denominator that develop singularities are
When they are zero with q and k in opposite directions, one gets a pole when D 1 = 0 at q on + iǫ and two poles when D 2 = 0, at q a+ + iǫ and q a− − iǫ. Then, when q on = q a− two poles appear in opposite sides of the real axis at the same energy and the integral path cannot be deformed to avoid the singularity, which thus shows up in the result of the integral. If the width of the K * is considered, then q on + iǫ → q on + iΓ K * /2 and the singularity turns into a peak. If we apply q on = q a− (see explicit formulae in Ref. [29] ) we find the singularity when the incoming energy in the triangle diagram is 1420 MeV. To show it, we plot in Fig. 8 the result for |t T | 2 of Eq. (17). In Fig. 8 we see how an original singularity becomes a broad peak when Γ K * = 0. This So far we did not pay attention to the isospin and C-parity structure of the f 1 (1285) and f 1 (1420), but the shapes and relative weights of the cross sections are well evaluated with the previous formalism. The wave function for the f 1 (1285) is given by
and then everything is identical to what have been done so far, except that one has four diagrams. The evaluation of the widths for f 1 (1285) → πa 0 (980) and f 1 (1285) → πKK at the peak of the f 1 (1285) are done in Refs. [7] and [8] , respectively. All that must be done is to perform the same evaluation as a function of M inv (for the f 1 (1285) at higher energies), and implement the f 1 (1285) propagator in Eq. (5). The results are shown in Figs. 9, 10 and 11, which should be compared with Figs. 7, 4 and 5, respectively. As we can see, not only the shapes but the absolute numbers are about the same as with the simplified wave function. Moreover, in Fig. 10 a peak develops for the f 1 (1285) → πKK decay around 1400 MeV (see Fig. 11 for more details). The peak and width of the distribution around this energy are in fair agreement with the mass of 1420 MeV and width of about 55 MeV quoted in the PDG [1] . We have taken advantage to make a more refined evaluation. Indeed, in Eq. (5) we have Γ R ≡ Γ f1(1285) in the denominator. Since we are evaluating the partial decay width into KπK and πa 0 (980) we write We also make a more detailed comparison with the results of Ref. [5] . In Fig. 12 we show our results folded with a resolution of 20 MeV to facilitate comparison with the experimental numbers. We normalize the results approximately to the peak of the experimental distribution. We can see that the agreement with experiment is fair. 
VII. CONCLUSIONS
We have carried out a study of the production of the f 1 (1285) and decay into πa 0 (980) and K * K modes. We have studied the cross sections as functions of the f 1 (1285) mass, M inv , up to 1500 MeV and we have observed two relevant features:
1) The K * K mode (allowing the K * → Kπ decay) has two peaks as a function of M inv , one at the f 1 (1285) mass and the other one at about 1420 MeV, this latter one with a width of about 60 MeV.
2) The πa 0 (980) mode has a peak at 1285 MeV and a broad shoulder around 1400 MeV, which comes from a triangle singularity involving K the f 1 (1285) couples to K * K and this is known experimentally from the KπK decay mode. The combination of the tail of the f 1 (1285) with the increased phase space for the K * K production is the reason for this second peak.
The two features described above are the experimental facts in which the f 1 (1420) was accepted as a resonance, but we have shown that they are consequence of the decay modes of the f 1 (1285) and one does not have to introduce any new resonance to account for these facts. The absence of the πa 0 (980) decay mode of the f 1 (1420) in all but one experiment [5] , is a fact that we have exploited here, because if it were a resonance which decays mostly into K * K , it would unavoidably have a width into πa 0 (980) of the order of 17%, which has not been observed. The 5% πa 0 (980) decay mode attributed to the f 1 (1420) in Ref. [5] was a guess based on the lack of any other interpretation of the shoulder found for this mode around 1400 MeV in the study of the decay of the f 1 (1285). We found a natural explanation for this broad peak which then does not require the existence of the f 1 (1420).
Altogether, our study leads us to the unavoidable conclusion that the f 1 (1420) is not a resonance but simply the manifestation of the K * K and πa 0 (980) decay modes of the f 1 (1285) around 1420 MeV.
